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THE PROBLEM OF REFLEX SENSITIVITY TO LIGHT
STUDIED IN A CASE OF HEMIANOPSIA.*
E. R. HILGARD AND G. R. WENDT
The present report is concerned with the reflex sensitivity to
visual stimulation of the blind half of the retinal field in a case of
hemianopsia after surgical resection of the left occipital lobe.t The
* From the Department of Psychology, Yale University, and the Department
of Physiology, Yale University School of Medicine.
t The surgical, anatomical, physiological and psychological aspects of the case
are fully discussed in the Proc. Assoc. Res. Nerv. & Mental Dis., 1933. The
patient was Case 4 in the series of lobectomies presented by German, Fox, et al.'2
They describe the surgical, anatomical and clinical features. Couch and Fox
present their findings on visual fields and a study of ocular responses made by the
photographic method of Dodge. Sears and Snedden give the results of their
extensive psychological tests and of experimental observations relating to the patient's
aphasia. An abstract of the present investigation also appears.
The patient was a white housewife, 25 years old, right-handed. She came to
the New Haven Hospital on Oct. 14, 1931, with signs of increased intracranial
pressure, impairment of memory, inability to write her name completely, and general
slowing of mental processes. Examination revealed a right homonymous hemianopsia
extending to within 4 degrees of the fixation point. Operation revealed a glio-
blastoma in the left occipital lobe. The lobe was resected along a line beginning
9 cm. anterior to the occipital pole, in the superior parietal region, and passing
through the ventricle at the junction of the descending horn with the body of the
ventricle, exposing the choroid plexus. Branches of the posterior cerebral artery,
supplying this area, were clipped, but the main vessel was not disturbed.
The ablation included practically all of Brodmann's areas 17, 18, 19 and the
posterior portion of 7, 37 and 39. The chief association tracts involved were the
superior and inferior occipitofrontal fasciculi and the posterior portion of the
superior longitudinal fasciculus. Examination of the portion of the brain removed,
just posterior to the line of resection, revealed a narrow area of the stria of Gennari
along the inferior lip of the calcarine fissure. It is obvious, therefore, that all of
the area striatum, except a small portion along the stem of the calcarine fissure,
was removed.
Two weeks after operation the patient showed some mental dullness and tired
easily. The visual fields taken by Couch, both on the perimeter and screen, showed
a right homonymous hemianopsia to the mid-line, but macular sparing to within
2 degrees of the fixation point. A 1 mm. object was used under daylight
illumination from a window. The tangent screen was used at a distance of 1 meter.
Psychological tests by Sears and Snedden showed a Stanford-Binet mental age of
8 years, 10 months. There was extensive loss of visual memories and marked
defects of visual apprehension. The chief psychomotor defect was in the visual
components of speech, with particular difficulty in reading, writing, and appreciation
of pictures.
The patient was found to have subacute bacterial endocarditis and died five
months after operation. No autopsy was obtained.YALE JOURNAL OF BIOLOGY AND MEDICINE
pupillary reflex to light remains after destruction of the cortical
visual projection areas in man, but the visual reflex status is other-
wise unknown. The index of reflex activity which we used was the
eyelid reflex to a sudden light.
If the eyelid reflex to light depends primarily on subcortical
connections, it should be preserved when the cortical projection areas
are removed.
Method
The method used will detect the presence of an eyelid reflex
even though it be subliminal for actual lid movement. It may be
called the reinforcement-inhibition method. This technic has been
applied for the detection of weak reflexes by Wendt" in a study of
the knee-jerk, and by Hilgard'6 in a study of the eyelid reflex. The
latter has shown that the presence of a minimal or subliminal lid
reflex to light may be detected by the alteration of the lid reflex to
sound when thelight precedes the sound bycertain intervals. When
the light precedes the sound by intervals between. 0 and 50 a-, the
reflex to sound isincreased in amplitude through summation with the
response to light; when the light precedes by longer intervals, the
reflex to sound is reduced in amplitude. With the information
available from these earlier studies, it was possible to determine in
advance intervals favoring reinforcement and inhibition, and to pro-
ceed accordingly to study the presence of any slight tendency to wink
to the presentation of a light in the blind field and in the seeing field
of this patient. The seeing field served as a control for the blind
field, and all results are given as comparisons between the two.
Apparatus and Procedure
The apparatus is diagrammatically presented in Figure 1. Eye-
lid motion was recorded photographically by the shadow method of
Dodge, utilizing his pendulum-photochronograph. An artificial
eyelash ofpaper attached to the left eyelid produced a shadow across
the lens through which the photographs were taken. The sound
stimulus was produced by a wire hammer, magnetically controlled,
striking a wooden resonator when released. The visual stimulus
consisted of the sudden illumination, just prior to the sound, of a
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white blotting-paper diffusing surface. The pendulum-photochron-
ograph at the same time controlled the interval between the stimuli
and carried the sensitive paper on which the recording lines fell.
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FIG. SCHEMATIC DIAGRAM OF APPARATUS
Figure 2 shows sample records. Two intervals were used: light
preceding sound by 45 o (favoring reinforcement of the reflex to
sound), and light preceding sound by 120 o- (favoring inhibition of
the reflex to sound). The light was sent either to the left or right
visual field by rotating a mirror as shown in Figure 1. At position
A the light was deflected to the left (seeing) field; at position B, to
the right (blind) field. With the patient in position, the left and
right windows began at 17 degrees of retinal arc from the fixation
point, and continued to 27 degrees, subtending a region of 10
degrees. The illuminated surfaces subtended 4 degrees in the
vertical dimension. These positions were chosen so that the stim-
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ulus would fall well away from the mid-line, beyond the blind-spot,
andyetwellwithin thevisual field.
The sound stimulus was held constant, at an unmeasured inten-
sity loud enough to cause a reflex wink.
The intensity of the light as reflected to the eye was measured by
means of a Macbeth illuminometer. On the three days upon which
experiments were conducted the following values were obtained:
TABLE 1
BRIGHTNESS OF LIGHT USED AS STIMULUS
(Brightness in Apparent Foot-candles)
Left field (seeing) Right field (blind)
February 15, 1932............ 3.5 4.8
February 23, 1932 ............ (1000+)* (1000+)*
February 27, 1932............ 0.6 1.0
It will be noted that on the second day (the values marked by an
asterisk) illumination values were much higher than on the first and
last days. Whereas on the first and last days the stimulating sur-
face was a uniformly illuminated diffusing surface, on the second
day mirrors were substituted so that the direct light from the bulb
reached the patient's position. This was then stopped down by
interposing several thicknesses of lens paper just before the light.
The effect of this was to give a lighted area of 10 by 4 degrees as
before, but having a very bright core of somewhat more than 1000
apparent foot-candles.
The experimental procedure consisted first in placing the
patient's head in position. With the right eye covered so as to
exclude all light, and the paper lash attached to the left upper lid,
the patient sat with the forehead in a rest, and abiting-board between
the teeth, so that aconstant position could be maintained. Frequent
rests weregiven, and the patient reported no discomfort. Breathing
prior to each stimulus was controlled by command, and the patient
held herbreath andlookedsteadily at the fixation cross as the stimuli
were presented. After preliminary records to acquaint the patient
with the stimuli and to overcome excitement in the situation, four
types ofrecordwere secured: (1) light alone; (2) sound alone; (3)
light preceding sound by 45 a, an interval favoring reinforcement;
and (4) light preceding sound by 120a-, an interval favoring inhibi-
tion. A random order of presentation of these four was used.
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Reflex to sound alone
Reflex inhibited when light preceded sound by 120 c
Reflex augmnted when light preceded sound by 45 0r
FIG. 2. REPRODUCED RECORDS OF NORMAL, INHIBITED, AND
AUGMENTED REFLEXES
A rise in the eyelid shadow indicates lid closure. The occurrence of the light
shows as a darkening at the top of the record. The sound shows as a break in the
white line just below the lid shadow. Radial time lines read in units of 5 (T. Exery
tenth line is emphasized, so that the larger units arc 50 o-. Each record represents
about 0.8 second. Curved abscissac, due to the path of the pcndulum, furnish base-
lines for reading amplitude, their spacing being one millimeter on records.REFLEX SENSITIVITY TO LIGHT
The reproduced records (Figure 2) show the responses obtained
under these conditions when the light was presented in the left
(seeing) field. While there was never a reflex lid movement to
light alone, even when the light was presented to the normal part
of the field, evidence of a tendency to wink to the light is shown by
the reinforcement of the reflex to sound when the light preceded
by 45 cr, and by its partial inhibition when the light preceded by
120 o-. Because the patient's reflex to sound was of such small
amplitude, the reinforcement interval proved more satisfactory than
the inhibitory, and after the first session, only the interval of
reinforcement was used.
Results
The problem was specifically to find whether reinforcement or
inhibition of the reflex to sound would occur when the light was
presented in the blind field.
Session 1. February 15, 1932, 13 days after operation. Brightness
of 4.8 apparent foot-candles in the blind field.
Table 2 presents the results for the inhibitory interval. It can
be seen that the light effectively reduced the reflex to sound when
the light was presented in the left (seeing) field. When it was
presented in the right(blind)field, the reflex to sound was unaltered.
TABLE 2
AMPLITUDE OF EYELID REFLEXES AT INTERVAL FAVORING INHIBITION
(Session 1, Feb. 15, 1932)
Eyelid closure in millimeters
Cases Mean S. D.
Normal reflexes to sound ...................... 8 1.5 1.4
Interval L-S 120o, favoring inhibition:
Left field (seeing) ........................ 8 0.8 0.5
Right field (blind) ........................ 7 1.5 1.6
Amount of inhibition:
Left field (seeing) 0.7 (47%So) Right field (blind) 0.0 ( 0%)
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Table 3 presents the results for the reinforcing interval. With
the light in the seeing field, the reflex to sound is augmented to 147
per cent of normal. With the light in the blind field the average
results show a slight reduction in the reflex to sound which is, how-
ever, within the limits of chance variation for so small a number of
instances. These results confirm those of table 2, showing no reflex
response from stimulation of the blind field.
TABLE 3
AMPLITUDE OF EYELID REFLEXES AT INTERVAL FAVORING REINFORCEMENT
(Session 1, Feb. 15, 1932)
Eyelid closure in millimeters
Cases Mean S. D.
Normal reflexes to sound ...................... 8 1.5 1.4
Interval L-S45a,favoring reinforcement:
Left field (seeing) ........................ 9 3.7 5.6
Right field (blind) ........................ 8 1.2 1.2
Amount of reinforcement:
Left field (seeing) 2.2 ( 147%So)
Right field (blind) -0.3 (-20%)
A normal control subject was used to determine whether the
results obtained might depend on the lack of sensitivity to stimuli
appearing in the nasal as opposed to the temporal field. This con-
trol subject showed approximately equal inhibition and reinforce-
ment of the reflex to sound whether the light was presented in the
nasal or temporal field.
Session 2. February 23, 1932, 21 days after operation. Brightness
of 1000+ apparent foot-candles in the blind field.
Since the results of the first session showed little reflex sensitivity
to light, it was decided to use much brighter lights. When pre-
sented with the light of over 1000 apparent foot-candles in the blind
field the patient reported its presence. Asked to point out its loca-
tion, she indicated a region estimated to be 3 to 5 degrees to the
right of the fixation point. The experiment was continued under
these conditions, with the result shown in table 4. It can be seen
from the table that under these conditions, when the light was seen
in both fields, it was reacted to equally, or approximately so. (The
light in the blind field was actually somewhat brighter than that in
the seeing field.)
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TABLE 4
AMPLITUDE OF EYELID REFLEXES AT INTERVAL FAVORING REINFORCEMENT
(Session 2, Feb. 23, 1932*)
Eyelid closure in millimeters
Cases Mean S.D.
Normal reflexes to sound ...................... 8 3.4 2.2
Interval L-S 45 r,favoring reinforcement:
Left field (seeing) ........................ 8 5.9 2.5
Right field (blind) ........................ 8 6.0 3.9
Amount of reinforcement:
Left field (seeing) 2.5 (74go)
Right field (blind) 2.6 (76%)
Session 3. February 27, 1932, 25 days after operation. Brightness
of 1.0 apparent foot-candle in the blind field.
After the second session it was possible to retest the patient at a
low illumination value to determine whether any "recovery" of the
light reflex had occurred. Table S presents the findings for rein-
forcement. It is clear that the reflex to sound was augmented by a
light in the seeing field, but a light in the blind field produced no
effect. The small variation in the average values of the reflexes
when a light preceded in the blind field, is within the limit of chance
variation.
TABLE 5
AMPLITUDE OF EYELID REFLEXES AT INTERVAL FAVORING REINFORCEMENT
(Session 3, Feb. 27, 1932)
Eyelid closure in millimeters
Cases Mean S. D.
Normal reflexes to sound ...................... 11 2.3 0.8
Interval L-S 45cr,favoring reinforcement:
Left field (seeing) ........................ 7.3 8.5
Right field (blind) ........................ 2.4 1.4
Amount of reinforcement:
Left field (seeing) 5.0 (217%o)
Right field (blind) 0.1 ( 4%)
* On this day the light was perceived in both fields.YALE JOURNAL OF BIOLOGY AND MEDICINE
Discussion
We have presented these results primarily for their methodo-
logical interest. The reinforcement-inhibition method appears to us
to be a far more sensitive indicator of reflex connections than are the
methods in common use.
Both because of the lack of a suitable distribution of light intensi-
ties, and because of having results on but one patient, our data do not
appear to us to justify final conclusions about the neurological nature
of the lid reflex to light. However, the results favor the view that
it is of cortical origin. This conclusion depends upon the previous
work of Wendt24 and of Hilgard16 which indicates the essential
identity of such reinforcement-inhibition effects with the reflex
process. The results fall into two groups: those secured with low
brightness (4.8 and 1.0 apparent foot-candles), showing no reflex
response and no perception of lights appearing in the blind field;
and those secured with high brightness (1000 apparent foot-
candles), showing reflex response, but complicated by perception of
the stimulus in the blind field. Before we can attribute the presence
of a reflex in the latter case to stimulation through retinal elements
of the blind field, we have to meet the question of actual diffusion of
light toseeing portions of the retina. Until this criticism is met, we
can conclude only that lights of low intensity, while adequate for
reflex response when presented in the seeing field, elicited no
response when presented in the blind field. We may have been
working with lights which were below the reflex threshold for the
partial visual system of the blind field, but in the absence of tests
with intermediate light intensities, this must rest as speculation.
There is a further possibility that the patient would have recovered
a reflex later. Unfortunately, she was available to us for only a
short time.
Should the indicated trend of the results prove to be the true
one, it would point to a poverty of subcortical visual reflex mechan-
isms in man. This would stand in contrast to the state of affairs in
lower mammals such as the rat, rabbit, cat and dog where rather
elaborate systems of visually motivated behavior persist after
removal of the cortical visual projection areas.*
*Marquis"8 finds that dogs relearn brightness discrimination habits after com-
plete removal of the area striatum. Unpublished observations of Hilgard and
Marquis show that such dogs have eyelid responses to light. Preliminary results
obtained by Marquis and Fox in collaboration with Wendt indicate that visually
stimulated eye movements may be present after the removal of the area striatum
from dogs.
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The eyelid reactions to light and threat.
It seems important to point out that the lid reflex to light as
studied in this investigation may not be neurologically identical with
the blink which is made to a threatening gesture or object. If the
latter is a learned or conditioned reaction, it may differ functionally
and neurologically from the possibly more primitive reflex to light.
Hilgard 15 presents data showing latency differences averaging 85 o
between reflex and conditioned eyelid reactions to the same visual
stimulus. They are functionally different responses.
Both the reflex tolight and theblink to threat have been reported
as lost in lesions of the visual projection areas. Poppelreuter20 and
Bard4 mention the loss of the blink to threat in the blind field in
hemianopsia, and Chauffard7 in cases of complete cortical blindness.
Bard4 described its absence in cases of hemiplegia of cerebral origin,
while the well-known paper of Holmes'7 reports its absence in
bilateral lesions in the region of the angular gyrus. No reports of
careful tests of the blink to light have come to our attention, though
the papers of Berger' and of Anton2 report its absence in cases of
complete cortical blindness when a candle was held before the
patients. It seems reasonable to assume that this lack of such reports
indicates failure to observe the response in question.
Light vision in hemianopic areas.
Our patient could see a light of 1000+ apparent foot-candles
when this appeared in her "blind" field. This raises the question
whether this was an experimental error or was due to residual vision
in the hemianopic area.
Poppelreuter20' 21, after detailed examinations of 50 cases of war
injuries of the occipital region, made the statement that no scoto-
matous region which he had ever examined had been found to be
absolutely blind. In view of the extent of his observations and the
variety of methods used, this statement must be considered with
respect. Bard', with ingenious methods, but poor case material, also
came to the conclusion that there was residual vision in hemianopic
areas. If, in the discussion of this question we assume that the
anatomical picture is clear, the first problem which presents itself
is that of diffusion and reflection of light to seeing areas of the retina
from stimuli intended to be limited to blind areas. Our patient
could report the presence of a light of approximately 1000 apparent
foot-candles when this appeared with its center 22 degrees from the
fixation point. But she reported it as appearing 3 to 5 degrees from
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the fixation point, which leads immediately to the suspicion that
seeing areas were being stimulated in the region of the macula.
This report of displacement of lights toward the fovea could not be
elicited regularly, however, for during an examination for pupillary
responses by somewhat brighter lights controlled by a lens and dia-
phragm, she insisted that there was no difference in their lateral
remoteness from the fixation point.*
Experiments on stimulation of the blind-spot.
In the course of a recent controversy over the question of the
possible presence of light sensitivity in the optic disc, two papers
have reported measurements which may be of peculiar usefulness to
the problem of diffusion in work with scotomas. Scofield23 and
DeSilva andWeber8 have measured the intensity oflightwhichmust
fall in the center of the blind-spot in order to get a visual sensation.
Using light sources subtending a fraction of one degree of retinal
arc, they determined such intensity limens for a number of subjects.
We have converted their measurements over to the measure used in
this investigation, and find that Scofield's median subject had alimen
of 35 apparent foot-candles, while DeSilva and Weber's median sub-
ject had a limen of 38 apparent foot-candles. The range of their
eleven subjects was from 26 to 95 apparent foot-candles. If we
know that a light below such intensities will not diffuse enough to
elicit visual sensation for more than the distance from the center to
the edge of the blind-spot, we can work with better knowledge of
our sources of error. Our own illumination values fall far below
this limen in two cases, and so far above it in the other case as to
make it probable that diffusion affected the results with the stimulus
of 1000 apparent foot-candles.
The sources from which stray light might affect seeing areas are
many. External diffusion of light to objects in the field of view
was fairly well eliminated by our technic. Reflections from the
side of the nose and the cheek were not present for stimuli appearing
* Nor, if we press the matter further, does the near-foveal localization of the
sensation assure us that diffused light was stimulating retinal elements at this point.
The possible false localization or even transposition of stimuli falling in the blind
area must be considered (see Herrmann & P&tzl14). We also suggest that the role
of immediate visual induction, or what Allen' has called "reflex visual sensation",
from blind to seeing areas be explored. Related work on this is contained in
Parsons'9, Geldard", Granitl8, and Feigenbaum9.
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in the blind field because of the choice of arrangement of the stimuli
(see diagram). Reflection from the eyebrows, eyelashes and edges
of the eyelids may have been present. Stray light originating inter-
nally of the eye could be due to astigmatic diffusion images from
variations of the refracting media, to intra-ocular scatter and diffu-
sion from the illumination of semi-opaque particles in the eye, reflec-
tions from the laminated structure of the crystalline lens, intra-
ocular reflections from the surfaces of the cornea and the lens (from
which 7 images have been identified), and diffusion and irradiation
of light within the substance of the retina.2" It is significant that the
blind-spot experiments quoted above seem to indicate that it is diffu-
sion about the borders of a retinal image which is most important,
and that visible distant reflections do not appear at the intensities
with which they worked.
The use of the blind-spot as a control.
This blind-spot experiment might be carried directly over to
work with scotomas. In a hemianopic patient, who has no difficulty
with fixation, it should be possible to determine the brightest light
which will not be perceived in that blind-spot which is in his seeing
field. This light can then be used for exploration of his blind field
with the assurance that diffusion will be limited to an area smaller
than his blind-spot.
The problem of fixation.
A final difficulty with the data might arise if the patient did not
maintain fixation on the anatomical fovea. We had no indication
during these experiments that such difficulty existed. The work of
Couch and Fox on the same patient showed her to have good fixa-
tional control. Nor should the work of Fuchs (in Gelb and Gold-
stein10) dealing with the development in hemianopsia of what he
calls a "pseudofovea" be construed to mean that the spontaneous
perceptual reorganization of the visual field which gives rise to it,
precludes the maintenance of a fixation on the anatomical fovea.
Summary
The lid reflex to light was studied in a patient with right
homonymous hemianopsia after surgical resection of the left occipital
lobe. Lights of 4.8 and 1.0 apparent foot-candles presented in the
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blind field resulted in no reflex response as measured by their rein-
forcing orinhibiting effect on a following lid reflex to sound. Lights
of 1000 apparent foot-candles elicited reflexes when presented in the
blind field as measured by this method, but also resulted in percep-
tion. The sources of error are discussed, and a method suggested
for controlling them.
At the time of making these observations Wendt held a National Research
Council Fellowship in Psychology under the sponsorship of Prof. R. Dodge. The
investigation was carried out in the psychological laboratory of the Institute of
Human Relations, Yale University.
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